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Comprehensive field observations were conducted in the southeastern coastal region of Ishigaki Island,
sonthwest Japan where Shiraho Reef is located. Present study was designed to explore the characteristic
hydrodynamic and thermal structures of the region. Study results show that tidally forced internal current
flows in a semidiurnal frequency from the offshore area toward the coral reef region. Near-bottom cold
current that follows the internal waves propagates onshore from the northern offshore region where the
bottom topography is characterized by gentle slopes. Current vector analysis and vertical profiles of
horizontal current. show opposite current between the upper and bottom layers that indicates the
propagation of internal current in the region. As the internal current flows, near-bottom water temperature
starts to drop significantly with a gradual transmission toward the surface layer. Orientation of tidal ellipses
shows that the direction of major axes gradually tums to a cross-shore direction in the bottom layer from
their along-shore direction in the surface layer. Though tidal ellipses rotate in a clockwise direction in the
upper lower, the direction changes to an anticlockwise rotation in the bottom layer. Power spectral analysis
shows that in the bottom layer cross-shore current intensity is higher than the along-shore current with an
indication of strong cross-shore intemal current in the bottom layer of northem offshore region.
Non-barotropic current also indicates the flow of strong cross-shore current through the bottom layer.
Harmonic tidal analysis based on eight major tidal constituents shows that semidiurnal tidal forces mainly
contributed to the propagation of onshore internal current. Cold internal current that flows from the
northemn offshore region enters the reef area through a reef channel namely Tooru-guchi and results a
significant temperature drop in the northemn reef area with a gradual transmission toward the southern part.
Other than the atmospheric temperature, solar radiation and onshore cold intemal current, a northerly wind
is also found to affect reef thermal environment significantly particularly, during winter.

Water circulation inside the reef is found to be almost regular and controlled both during summer and
wintertime observations. A nearly unidirectional current is recorded in the reef area on a semidiurnal
frequency during the winter however, for a summertime measurement, the current flows on a diurnal basis.
This uniform current was found to flow from the northern part with a gradual transmission toward the
southern part of the reef. When tidal level starts rising from a low tide condition, a time lag is recorded
between the reef and offshore areas. Tidal level outside the reef starts rising earlier over the reef areas. The
maximum time gap is found to be about 1 and 3 hrs during summer and winter, respectively. Comparing to
summer, tidal level of the offshore region significantly raises over the reef area during winter that lead to a
strong inflow of oceanic waters into the reef area. The difference in the time lags that ultimately determine
how much the offshore tidal level would be raised over the reef area results the frequency difference of
uniform current between the two seasons.

Northerly wind induces high waves in shallow offshore region outside the reef. Incoming wind-induced
waves are found to drive significant current inside the reef. Though the wind fields are dominated both by
northerly and southerly winds, northerly wind-induced waves mainly drive currents in the reef area.
Qutside the reef, wind characterized by varying direction also induces current particularly near the reef
edge areas. For the offshore area, a strong linear relation is found between wind and current velocities
where the resultant velocity of wind-induced current is found to be around 6% of the wind speed.
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